Abstract The precise wiring of the nervous system is a combined outcome of progressive and regressive events during development. Axon guidance and synapse formation intertwined with cell death and neurite pruning sculpt the mature circuitry. It is now well recognized that pruning of dendrites and axons as means to refine neuronal networks, is a wide spread phenomena required for the normal development of vertebrate and invertebrate nervous systems. Here we will review the arising principles of cellular and molecular mechanisms of neurite pruning. We will discuss these principles in light of studies in multiple neuronal systems, and speculate on potential explanations for the emergence of neurite pruning as a mechanism to sculpt the nervous system.
Introduction
Since it was proposed in the middle of the 20th century, Roger Sperry's chemoaffinity hypothesis [1] has been validated in many neuronal systems across various model organisms [2] [3] [4] . In its core, Sperry's hypothesis postulated that each growing axon has a unique molecular identity that determines its attraction or repulsion from distinct local cues. Thus, according to Sperry, each axon ''knows'' where to go during the initial wiring of the nervous system or even when the circuit has to reassemble itself after injury. The discovery of the key families of cues that govern axon guidance, such as netrins, slits, semaphorins, and ephrins has provided the kind of molecular proof that the chemoaffinity hypothesis lacked for many years [5, 6] . Despite its beauty and simplicity, it has become evident in recent years that the chemoaffinity theory provides only a partial answer to how the wiring of the nervous system is established in vivo during development. Mounting evidence from multiple systems suggest that an exuberant network of neurons and connections is generated during the early stages of development and later remodeled by a wide variety of cellular strategies, as part of the normal course of network establishment and refinement and that this is not an anecdotal phenomenon [7] [8] [9] . These regressive events eliminate cells, synapses, and long stretches of axons in a precise and timely fashion during development and are essential to sculpt the mature nervous system of both vertebrates and invertebrates. The elimination of these exuberant connections is largely timed to postnatal development in vertebrates but the precise timing varies among organisms [7] . In humans, more than half of the neural connections formed during embryonic development are eliminated within the first 2 years of life and then further remodeled during puberty [10] . In insects, however, pruning takes place during metamorphosis when large-scale rearrangements occur within the entire nervous system [11] .
The cellular and molecular mechanisms of neuronal remodeling are only starting to be elucidated. As with many phenomena in neurobiology, in retrospect we now realize that Ramon y Cajal made the initial observations recognizing these regressive events more than 100 years ago when he followed the development of avian Purkinje and mammalian granule cells. He noticed that these cells form an exuberant number of dendrites during development, many of which are later eliminated, in what he called ''process resorption'' ( Fig. 1 ; [12] ). In this review, we provide an overview of some classical examples in developmental neuronal remodeling and use these examples to discuss various cellular and molecular pathways that have emerged from classical and more recent studies, which have been performed mostly in the mouse and the fly. We do not aim to be comprehensive but rather provide our own view of the current principles arising from many studies in a wide variety of neuronal systems. As a consequence, we will neither discuss all of the neuronal systems that undergo remodeling nor all of the important work done in the field.
The term ''developmental neuronal remodeling'' is often used to describe a relatively wide range of biological processes including synapse elimination or strengthening, stereotypic and non-stereotypic axon elimination, and programmed cell death of specific neuronal populations. Several terms have been used extensively to describe these processes such as axon pruning, elimination, and degeneration. In this review, we will focus on processes that occur on the scale of axons and dendrites but not on the scale of individual synapses. Additionally, we will focus on remodeling of connections that do not involve neuronal cell death. (Other reviews focus on aspects of synapse elimination at the neuromuscular junction, climbing fibers or in the visual cortex [13] [14] [15] ). For the sake of this review, we would like to begin by defining a few terms (shown in italics) to clarify their use in the context of this review. We define pruning of axons and dendrites as the process of neurite elimination that occurs during normal development and adult nervous system reorganization. Stereotyped pruning is a process in which one can predict the identity of the axonal or dendritic branches destined for elimination as well as the developmental stage in which this elimination will occur. In other words, pruning occurs with a temporal, cell specific, and spatial stereotypy in each and every individual. Examples for this type of pruning are the remodeling of layer 5 corticospinal (CST) connections in mammals and mushroom body (MB) neurons in Drosophila, both discussed in depth later in the review. In contrast, non-stereotyped pruning usually entails adaptation of the circuit to limiting factors or neuronal activity. A classic example is competition for neurotrophic factors in which sensory axons that were not able to make a functional connection and thus failed to internalize those factors, are eliminated [16] . We will be using neurite elimination as a broad term that includes pruning but also describes the elimination of axons in artificial conditions in vivo or in vitro. A classical example for this would be the axon elimination of explanted neurons (rat, mouse and chick) following the deprivation of nerve growth factor (NGF). The full extent by which axon elimination of artificial connections in vitro resembles axon pruning during development is not clear yet. Although axon degeneration is a term that can sometimes be used to describe pruning and subsequent elimination, in this review, we will use degeneration to describe pathological conditions during disease and following injury (for example, in Wallerian degeneration-see more below) while we will use fragmentation followed by clearance to describe developmental neurite pruning.
To many readers, generating an excess of neuronal connections only to get rid of them later might seem like a wasteful and inefficient strategy. Given our brain's complexity, however, one explanation is that exuberant connections are needed to provide robustness in light of initial errors in connectivity. This might be true for nonstereotypic pruning where many axons might be ''competing'' for trophic signals and only one or few ''win'' while the ''losing'' axons are eliminated. However, many of the examples that we will review here focus on stereotyped pruning where one can predict which branch or axon will be eliminated even before the process has begun. The answer to ''why'' stereotyped pruning occurs as an evolutionary solution remains a mystery. In our concluding remarks, we will provide some speculations.
Cellular mechanisms of neurite pruning
Pruning by local fragmentation For many years, it was known that nervous system development includes late regressive events. Indeed, about 50 % of murine neurons die during development and in early post-natal life [8] . One of the first studies to show that neuronal connections are eliminated during the normal course of development without the death of the soma was the discovery that layer 5 (L5) cortical neurons undergo selective and stereotypic axon elimination during early postnatal life (Fig. 2) . Classic experiments by O'Leary, Stanfield and colleagues [17] using anterograde and retrograde labeling, first in rats and then in mice and other rodents [18, 19] , have beautifully demonstrated that L5 cortical neurons from the motor and visual regions initially send identical projections to various targets including the spinal cord and superior colliculus [7, 20] . This ''improper'' connectivity is later resolved by selective axon elimination that takes place at the second to third week in rats [20] . Anterograde labeling followed by careful microscopic analysis has revealed that the exuberant connections undergo fragmentation [18] and are later removed by an unknown mechanism. The normal course of development of the layer 5 neuronal connectivity highlights the stereotypy of the process, the long stretches of axons that are eliminated in a timely fashion and the topographic restriction of the process implying that the borders of the axon fragmentation need to be extremely sharp.
Another example for temporally and spatially regulated developmental axon pruning that takes place by local fragmentation is the formation of the retinotopic map of retinal ganglion cells (RGC) at the superior colliculus (SC). Work pioneered by O'Leary and colleagues has shown that RGCs initially send long axonal processes that extend throughout the length of the SC [21] . In a process that is reviewed elsewhere [22] , and is mediated by Ephrin-ephReceptor (ephR) counter gradients, each RGC sends an axon that extends almost through the entire SC, and later initiates sprouting in an area that will become the 'target zone'. Soon thereafter, the overshot axon undergoes localized fragmentation that is instrumental in the formation of a stereotypical retinotopic mapping in the SC (Fig. 2) . Interestingly, RGCs also remodel their connections with thalamic neurons in the dorsal lateral geniculate nucleus (dLGN) [23, 24] although the cellular mechanisms, fragmentation or retraction, remains unclear.
This type of timely and restricted axon fragmentation is observed in invertebrates as well. The massive stereotypic changes that occur in all tissues during metamorphosis in insects serve as an excellent model to study neuronal remodeling [11, 25, 26] . Neuronal remodeling of Drosophila mushroom body (MB) c neurons is an attractive system as it involves temporal, spatial and cell-type stereotypy. The original observations that implicated that MB development includes axonal loss were elucidated from counting axon profiles in EM micrographs at various points during development [27] . Since then, techniques such as mosaic analysis with a repressible cell marker (MARCM) were developed and have revolutionized our ability to visualize and manipulate neurons in vivo in up to a single cell resolution [28] . Using MARCM, Luo and colleagues [29] [30] [31] have described the cellular sequence of events in great details: During the larval stages, MB c neurons extend axons that bifurcate to both medial and dorsal lobes. At the onset of metamorphosis and in a timed and coordinated fashion, c neurons prune their axons up to a specific branch point. By looking at single cell clones at different times during development, Watts and colleagues [30] have shown that MB c neurons undergo localized fragmentation during development but the mechanism that limits this to only specific parts of the axons and dendrites is still not known. Later during development, c axons regrow to an adult-specific, medial lobe. Thus, this is another example that demonstrates the need to eliminate long ('long' being relative to the organism size) stretches of axons in a tightly regulated temporal and spatial manner.
Both layer five cortical neuron and MB c neuron remodeling involve axon pruning by localized axon fragmentation. However, in both systems it is not clear how this is achieved-does the fragmentation begin from the proximal or distal part of the axon or does it occur in a coordinated fashion all along the axonal branch? What determines the limit of fragmentation? Is there active protection of the axon that needs to remain intact, a specific tag on the border or an initial cut to define the fragmentation limit and if so by which mechanism? Genetic as well [7] as live imaging experiments in both systems should help shed light on these open questions.
The mechanisms of neurite fragmentation are better understood, however, in another model of neuronal remodeling, that of the dendritic arborization (da) neurons in Drosophila [31] [32] [33] . The dendrites of these sensory neurons cover the larval body wall in a nicely tiled manner [34] . During metamorphosis, the dendrites, but not the axon of these neurons undergo stereotyped pruning. A combination of descriptive as well as molecular studies have suggested that the dendritic tree is first severed from its cell body and subsequently undergoes fragmentation in a process that, at least in part, depends on local caspase activity [32, 35, 36] . Imaging of glial cells has shown that they are localized to the sites of severing, although the precise role that they play in this process is unclear [37] . These findings propose that dendrite pruning in this system involves a 'Wallerian degeneration' like process (see more below). However, the extent of the molecular similarity between dendrite remodeling of da neurons and Wallerian degeneration is not yet clear. Whether other examples of developmental pruning involve neurite severing and whether axonal or dendritic severing is a common mechanism to define the limit of fragmentations remains to be further explored.
A major limitation to delineating the precise mechanism in which axon fragmentation occurs in vivo is the lack of good imaging systems that allow time-lapse imaging. Indeed, one of the reasons that da dendritic remodeling is better understood is the ability to perform live imaging due to the superficial location of the dendrites on the larval body wall. While transparent model organisms such as zebrafish have been used to study axon degeneration following injury [38, 39] and non-stereotyped remodeling during tiling of sensory axons [40] we are not aware of a defined system to study stereotypic developmental axon remodeling in this transparent animals. This, and other systems of live imaging, may help to discover the temporal and spatial aspects of axons fragmentation during development.
Axon elimination by fragmentation
Axon fragmentation as a mechanism to eliminate neurites is also common in cell-culture systems. When cultured dorsal root ganglion (DRG) or sympathetic neurons are deprived of trophic factors they undergo axonal fragmentation that eventually leads to cell death [41] . If grown in complex chambers, such as Campenot or microfluidics chambers, that allow the specific neurotrophic deprivation of axons but not of cell bodies, only axons undergo fragmentation while the cell bodies are spared [42] . Although these compartmentalized culture systems are widely used to study axon elimination in vitro, the exact developmental process that they mimic is less clear. One developmental process that resembles axon elimination following trophic deprivation is that of the elimination of sympathetic axons that innervate the eye [43] . These neurons initially extend axon branches to both the anterior and the posterior eye compartments. Later on, axon branches are eliminated without cell death through local fragmentation, such that each neuron projects to only one eye compartment [43] . More recently it was demonstrated that sensory axons that innervate the male mammary gland are pruned due to local deprivation of the trophic factor BDNF [44] . The cellular mechanism by which these axons are eliminated is not known. Finally, in dying-back neurodegenerative diseases such as amyotrophic lateral sclerosis (ALS; Lou Gehrig's disease), spinal muscular atrophy, spinocerebellar disorders, and peripheral neuropathies, axon degeneration precedes cell death, thus resembling DRG axon elimination following trophic deprivation [7] . However, the dynamics of axon elimination and whether it occurs via fragmentation have not been well characterized in these pathological conditions.
Pruning by retraction
Axon retraction involves the reabsorption of axons and processes into the proximal part of the axon without the generation of fragments. While axon retraction has seemingly been documented, many times it is assumed as the most likely mechanism when no fragments are observed. For example, axon pruning of the hippocampal infrapyramidal bundle (IPB) in mammals is currently assumed to occur via axon retraction although this is mostly based on lack of fragmentation and direct evidence for retraction is lacking ( Fig. 3 ; [45] ). In contrast, direct evidence for axon retraction was obtained by long-term 2-photon in vivo imaging by Svoboda and colleagues [46] . Focusing on mouse thalamocortical and Cajal-Retzius neurons, the study revealed that while Cajal-Retzius neurons underwent small-scale axon elimination via retraction, thalamocortical neurons employed axon fragmentation to get rid of large stretches of axons and retraction to eliminate short pieces of axons. Thus, the current dogma is that long-range axon elimination occurs mainly via axon fragmentation and small-scale axon elimination occurs mainly via retraction [7] .
Pruning by axosome shedding During development of the mammalian neuromuscular junction (NMJ) pervasive synapse elimination occurs after birth amounting to the elimination of *90 % of existing synapses [47, 48] . This non-stereotypic remodeling is crucial for the maturation of the NMJ in which immature junctions that are poly-innervated by about ten axons mature into mono-innervated junctions [48] . Initially thought to be the hallmark of synapse retraction, new imaging techniques allowed Bishop, Misgeld and colleagues to visualize that small pieces of pruned axons were left behind in a process that they called axosome shedding [49] (Fig. 4) . Axosomes are then engulfed by neighboring glia [49] and sent to degradation via the lysosomal pathway [50] . The fact that a process that was initially thought to involve axon retraction but with better imaging techniques was found to involve a strategy which is essentially a hybrid of retraction and fragmentation, raises the possibility that other events currently recognized as axon retraction might actually encompass axosome shedding. Interestingly, remodeling of the fly NMJ during metamorphosis, which involves the initial dismantling of postsynpase followed by dismantling of the presynapse, likely also involves axon retraction coupled with some form of axosome shedding [51, 52] .
Wallerian degeneration and pruning
When Augustus Waller made his discovery in 1850, that axons severed from their cell body undergo fragmentation, the notion was that this process was passive wasting away due to lack of nutrients and energy. The serendipitous finding of the Wallerian degeneration slow (Wlds) mutant mouse [53] changed this dogma and highlighted Wallerian degeneration (WD) as an active process in which the axon is actively dismantled. While we will touch briefly on WD, good reviews focusing on the axonal [54] and glial [55] aspects of WD have been published elsewhere. Interestingly, axon fragmentation of WD is a biphasic process, beginning with a latent phase whose length varies between organisms, followed by a rapid catastrophic axonal fragmentation phase [38, [56] [57] [58] . It is not yet known whether developmental axon pruning can also be divided into such distinct phases.
WD is a highly conserved process and is studied in multiple organisms ranging from mice to zebrafish and Drosophila. In the fly, models to study WD include the olfactory receptor neuron axons, which can be separated from their cell body by tearing the antenna or maxillary pulps [18, 58, 59 ], larval motoneurons [58] and axons innervating the wing, which can be cut and directly visualized in live animals [60, 61] . Being able to compare WD and developmental axon pruning within the same organism is advantageous since using the same alleles and transgenes Pruning by axosome shedding. Motor axons compete for target innervation (muscle) during the formation of the neuromuscular junction (NMJ). The losing synapse is pruned by axosome shedding while the winning synapse expands to occupy the full junction ensures consistency. While some molecular aspects are shared between these two systems, such as the involvement of the ubiquitin proteasome system and cell engulfment [18, 59] , Wlds does not confer axon protection during MB pruning [18] . In contrast, Wlds does provide robust protection to the axons of trophic deprived DRG neurons [62] and a modest protection to dendrite pruning of da neurons, functioning in parallel to the apoptotic machinery [63, 64] . Several published and unpublished data suggest the existence of various molecules that are important for WD but not MB pruning and vice versa. For example, Sarm and Highwire that are both required for WD [65, 66] are not required during pruning of MB neurons [30, 65] . Similarly, Plum, a TGF-b accessory receptor (see more below) or the ecdysone receptor (EcR-B1) that are both required for MB pruning [28, 67] are not required for WD (Schuldiner, unpublished observation; [18] ). Thus, the molecular similarities and differences between WD and various types of developmental neuronal remodeling remain to be further studied.
Fragment clearance of pruned connections
Axon pruning via axon fragmentation or by axosome shedding results in axonal fragments left behind. These, in turn, need to be cleared away in an efficient manner. The emerging theme from many studies in mammals and flies suggests that glia and other neighboring cells, such as epidermal cells, function as phagocytes to engulf the degenerated material.
As detailed above, axon pruning of fly MB neurons occurs via localized axon fragmentation. Two studies from the Ito and Luo labs have shown that glial membranes infiltrate the degenerating lobes [68, 69] . Subsequently, axonal fragments are engulfed by glia and undergo lysosomal degradation [68, 69] . Inhibiting endocytosis in glia by over expression of the temperature sensitive dominant negative allele of shibire (the Drosophila ortholog of dynamin) resulted in clearance defects [68] . In a follow-up study, both groups showed that the Drosophila homolog of the Ced-1 engulfment receptor, Draper, is required for glianeuron recognition and clearance [18, 70] .
Glial sub-classification in Drosophila is primitive relative to their mammalian counterparts and is mostly based on morphology. Drosophila glia belong to three main groups: Surface-associated glia, which form the blood brain barrier (BBB), cortex associated glia, and neuropil associated glia which can be further divided into wrapping, ensheathing, and astrocyte-like glia [71, 72] . Previously, Freeman and colleagues have found that ensheathing glia function as phagocytes of degenerating olfactory axons undergoing WD [73] . In contrast, two recent studies, have found that astrocytes are the major glial cell type that engulfs debris of MB axons undergoing pruning, despite the fact that there are few astrocytes in close proximity to the degenerating lobes during remodeling [74, 75] (Fig. 5a) .
Following dendrite severing and local degeneration, the dendritic debris of Drosophila da neurons is also removed in a timely fashion. Early studies have reported that plasmatocytes, phagocytic blood cells, are responsible for engulfing dendritic debris and in a few cases were seen to ''attack'' intact branches [32] . A recent study, however, suggests that the main cell type that is responsible for engulfing and clearing the degenerated dendrites are actually epidermal cells [76] . Whether the epidermal cells play a passive role by clearing the debris or might also be important for the induction of dendrite pruning is not yet clear. Additionally, the potential phagocytic role of glia around the da neurons has not been studied, to the best of our knowledge (Fig. 5b) .
Compared to our rather detailed understanding of the roles of glia and epidermal cells in fragment removal in Drosophila and the roles of glia in synapse elimination in mammals, we know much less about how fragments of axons and dendrites are eliminated in mammals. Classical descriptive work regarding developmental axon elimination in the corpus callosum in cats suggest that similar cellular mechanisms are at play [77] . During postnatal development, the number of axons crossing between brain hemispheres via the corpus callosum decreases [78] . EM studies show that astrocytes and microglia intermingle with what seems to be degenerating axons during development [77] . Apart from this descriptive study, however, we know virtually nothing about the cellular and molecular mechanism of neurite fragment clearance in mammalian systems.
In contrast, we know much more about the role of microglia, astrocytes, and Schwann cells in the local pruning of synapses in the mammalian visual system, NMJ, and hippocampus [79] . At the NMJ, Schwann cells enwrap the axonal retraction bulb as well as engulf the axosomes left behind [49] which are then degraded by the lysosomal pathway within the Schwann cells [50] (Fig. 5c ). Microglia were shown to play a key role in synapse remodeling in the hippocampus [80] and in the mouse visual system [81] in a process that depends on neuronal activity as well as glial expression of proteins that belong to the complement system. A recent study, however, has reported that in addition to microglia, astrocytes also play instructive roles in the elimination of synapses of retinoganglion cells (RGC) in the dorsal lateral geniculate nucleus (dLGN) of the thalamus [82] . The precise contribution of microglia and astrocytes to the elimination of synapses at the dLGN and their potential interaction remains unknown but one can speculate that both cell types participate in somewhat redundant engulfment processes, explaining the partial phenotypes when one cell type is eliminated [81, 82] .
On the molecular level one of the key missing parts of the puzzle is the ''eat me'' signal on the axonal fragments that signals to the engulfing cell. One attractive candidate is phosphatidylserine (PS), which is the prime ''eat me'' signal on apoptotic cells [83] . Indeed, Draper, which is known to play a key role in the engulfment of apoptotic cells, was recently shown to bind directly to PS [84] . More recently, the mammalian engulfment receptors MERTK, which recognizes PS through the adaptor proteins GAS6 and PROTS1 [85] , and MEGF10, the ced-1/Draper mammalian ortholog, were shown to mediate synapse elimination during RGC refinement at the dLGN [82] . However, whether pruned axonal fragments are indeed marked for clearance by PS remains to be determined.
Molecular control of pruning
Initiation of the pruning process-signaling by pruning receptors How does a neuron ''know'' that the time has come to prune its neurite/s and how is the specific neurite branch selected? Although one can imagine a cell-autonomous developmental program that can govern these decisions in neurons, it seems that involvement of cell-cell signaling can facilitate these temporal and locally defined decisions. Indeed, several receptors have been identified in various systems that regulate the initiation of the pruning process. In general, the pruning receptors identified so far can be divided into three main categories: axon guidance receptors, receptors of the TGF-b family, and death receptors (Fig. 6 ).
Pruning by axon guidance receptors
Molecules originally identified as regulators of axonal guidance are now well recognized as multifactorial proteins, controlling different aspects of the wiring process as well as development of other tissues. Members of two major guidance molecule families, the semaphorins and ephrins, have been implicated in axon pruning. Studies in the mouse by Tessier-Lavigne and colleagues and Cheng and colleagues have found that stereotyped pruning of the InfraPyramidal Bundle (IPB) in the hippocampus and the corticospinal tract (CST) from layer 5 of the visual cortex are regulated by signaling complexes that are composed of Neuropilin-2 (Nrp2) and Plexin-A (PlxA) [45, 86, 87] . The ligand of the Nrp2/PlxA3 complex in the hippocampus was identified as Semaphorin3F (Sema3F), which is expressed in sporadic interneurons adjacent to the IPB and in its absence the IPB does not prune normally [45] . The expression of Sema3F by these interneurons is correlated with the onset of the pruning process, raising the hypothesis that Sema3F expression and binding by its receptor complex regulates pruning initiation. Whether the responding axons have to be primed in parallel to the expression of Sema3F and whether forced expression of Sema3F at an earlier developmental stage will induce pruning of these axons is currently unknown. Based on its expression pattern, Sema3F is also likely to trigger pruning of layer 5 visual neurons projecting to the CST, although genetic proof is still lacking [88] . Interestingly, it seems that semaphorin signaling does not function alone in promoting IPB pruning as other studies have also implicated reverse ephrin signaling in this process [89] . Although ephrins were initially described as ligands for the Eph reporters, it is now well recognized that reverse signaling by Eph receptors into ephrin-expressing cells play crucial roles during neurodevelopment [90] . By analyzing ephrin-B3 (EB3) null animals or animals that express a truncated form of EB3, lacking its cytoplasmic domain, Henkemeyer and colleagues have determined that EB3 reverse signaling is required for efficient pruning of the IPB [89] . Unlike the case of Sema3F, the expression of EB3 or its ligands do not seem to be developmentally regulated in a tight manner. Therefore, how EB3 signaling is restricted to a specific developmental stage is not clear. Additionally, the relationship between semaphorin and ephrin signaling and whether they play instructive versus permissive roles is not yet clear. One possibility is that signaling from the Sema3F receptor complex indirectly controls the reverse signaling by EB3. Another speculative and non-mutually exclusive possibility is that while Sema3F plays an instructive role, EB3 signaling is permissive in nature. More experiments are necessary to address these issues in detail.
Pruning by TGF-b receptors
In Drosophila, signaling by the TGF-b receptor complex controls developmental pruning of both MB axons [91] and da dendrites [31] (Fengwei Yu, personal communication) . In MB neurons, the TGF-b receptor complex includes the type I receptor Baboon (Babo) and either one of the type II receptors Punt (Put) or Wishful thinking (Wit) [91] . In an elegant study, Lee and colleagues have found that the TGFb ligand Myoglianin (Myo) is secreted by neighboring glia, mostly cortex glia and to a lesser extent also astrocytes [92] . More recently, we found that a novel immunoglobulin superfamily protein that we named Plum facilitates the signaling of the TGF-b receptor complex [67] . Although the biochemical basis for this facilitation is not completely understood, it appears that Plum might be involved in regulating the availability of the TGF-b ligand, Myo, to the canonical receptor complex.
The canonical TGF-b signaling pathway requires dSmad2 (SmoX; [91] ) and dSmad4 (Medea; Schuldiner, unpublished observations) to initiate the pruning program, largely through transcriptional induction of the steroid hormone Ecdysone Receptor-B1 (EcR-B1). However, there is no clear evidence that EcR-B1 is a direct target of the Smads and other direct Smad responsive genes that are required for pruning have not been identified. Additionally, it is not clear whether EcR-B1 activation is the only important outcome of TGF-b signaling in the context of pruning. While TGF-b signaling does regulate the expression of EcR-B1 within MB c neurons, the precise temporal regulation is achieved by the systemic release of the steroid hormone ecdysone, which in turn modulates the activity of EcR-B1. Interestingly, activation of the Babo and Plum containing TGF-b receptor complex by Myo also regulates the elimination of ectopic larval connection at the fly NMJ via transcriptional control of EcR-B1, drawing a mechanistic connection between seemingly different developmental remodeling processes, as NMJ refinement is not stereotypic [67] .
Pruning by death receptors
Axon elimination might be seen as the ''death'' of an axon. Indeed, this notion is supported by the finding that the apoptotic machinery is required for pruning in some, but not all, neuronal systems (see more below and reviewed in [93] ) and is further strengthened by the discovery that two receptors belonging to the TNF superfamily, DR6/ TNFSF21 and p75/TNFRSF16, are required for efficient pruning in the peripheral nervous system [43, 94] .
The p75 neurotrophin receptor (P75 NTR ) has been implicated in multiple aspects of vertebrate neurobiology including axonal growth, neuronal cell death, and survival [95, 96] . The clearest example for the role of p75 in developmental axon pruning comes from the sympathetic system. Mouse sympathetic neurons initially project axons to both the anterior and posterior sides of the eye. During postnatal stages, they undergo refinement to establish a network in which each neuron innervates either the anterior or the posterior side of the eyes, but not both. By retrograde labeling of sympathetic neurons of the superior cervical ganglion (SCG) before and after refinement, Miller and colleagues found that this refinement involves axonal pruning that depends on p75 signaling which is triggered by activity dependent expression and axonal secretion of its ligand, brain derived neurotrophic factor (BDNF) [43] . Moreover, using a sophisticated culture system, the authors found that p75 is upregulated in unstimulated axons, which might provide a mechanism by which BDNF, secreted from active axons, acts specifically on inactive, 'losing' axons. Interestingly, a similar mechanism was proposed to control the outcome of induced axon competition in the mature mouse olfactory bulb [97] . To induce competition, the authors silenced synaptic activity by inducing the expression of the tetanus toxin light chain, which inhibits neurosecretory activity, in a small random subset of olfactory neurons. This block of activity induces the pruning of these axons by local degeneration. Importantly, when most of the olfactory neurons were silenced, no pruning was detected suggesting that competition, rather then lack of activity by itself induces the pruning process. Although both BDNF and p75 were suggested to regulate the pruning of these olfactory neurons following competition, the mechanistic details and the relevance to the sympathetic neuronal pruning remain to be further studied.
In the mouse sympathetic system, Miller and colleagues found that the p75 regulated pruning activity is mediated, at least in part, by suppressing survival signaling by the tropomyosin receptor kinase-A (TrkA), the receptor of NGF. Therefore, pruning might be an outcome of 'reading' NGF vs BDNF signals that is concomitantly translated into levels of TrkA signaling. This, however, seems unlikely to be the only mechanism, as p75 is known to activate the apoptotic system by itself and recent experiments in adult septal cholinergic axons revealed that p75 induces axon degeneration via direct interaction with RhoGDI and activation of Rho [98] .
The second TNF receptor that was implicated in pruning is the death receptor 6 (DR6), which was initially identified in an expressed sequence tag (EST) search for TNF receptor-related molecules, and was shown to regulate lymphocyte differentiation in the adult animal [99] . Interestingly, expression of DR6 is developmentally regulated in various murine neuronal types as they differentiate both in the CNS and the PNS [94] . In vitro experiments demonstrated that ablation of DR6 delays axonal elimination in response to trophic withdrawal of multiple neuronal types. Moreover, the stereotyped pruning of RGC axons in the superior colliculus (SC) is attenuated in DR6 knockout mice, suggesting that DR6 might function as a global facilitator of axonal pruning [94] . How DR6 and p75 signaling relate to each other in vivo is not known and whether they induce pruning by similar intracellular mechanisms also remains to be determined.
Downstream elements: proteolytic systems
The destructive nature of neurite pruning ignited the idea that proteolytic systems might play an active role in the dismantling of axons and dendrites. Studies on the stereotyped axon pruning of MB neurons and dendrite pruning of sensory da neurons in Drosophila provided the first evidence for this hypothesis. Mutations in the single fly E1 enzyme of the ubiquitin system (Uba1) or in subunits of the proteasome blocked pruning of MB axons and da dendrites [30, 100] . Importantly, the expression of EcR-B1 in these mutants was normal, suggesting that the ubiquitin-proteasome system (UPS) operates either in parallel to or downstream of the EcR-B1 pathway [30] . Additional studies in da neurons demonstrated that the ubiquitin E2 protein UbcD1 is required for pruning. UbcD1 regulates the self-ubiquitination and proteasomal degeneration of the caspase inhibitor DIAP1 [36] . More recently, the SCF ubiquitin ligase complex Cullin1/Roc1a/SkpA/Slimb has also been shown to control da dendrite pruning, presumably through the degradation of Akt and attenuation of the insulin receptor signaling pathway to TOR, suggesting that at least in these neurons the insulin pathway antagonizes pruning [101] . The relative contribution of the DIAP1 vs Cullin1 dependent proteasome degradation remains to be determined.
In contrast to our knowledge about the roles of the UPS in the pruning of fly da neuron dendrites, the exact function of the UPS in the pruning of fly MB axons is less clear. Although the Cullin1/Roc1a/SkpA/Slimb complex has been implicated in the pruning of MB axons [101] , the insulin pathway does not seem to antagonize pruning of MB c neurons nor does the TOR pathway ( [102] ; Schuldiner, unpublished observations) Likewise, DIAP1 is not required for MB axon, or dendrite, pruning ( [30] ; Schuldiner, unpublished observations]). Whether the UPS functions at the initiation or execution of pruning or at both steps still needs to be further delineated. The studies on the role of UPS in pruning of mammalian axons have been limited so far to pharmacological inhibition of axonal elimination upon trophic-factor withdrawal [103] . There is no genetic support yet for these experiments and the ubiquitin system components involved remain unidentified.
Another set of proteases that have a major role in developmental pruning and axonal elimination are the caspases. Although initially discovered as executers of apoptotic cell death, it is now well established that these family of proteases are regulators of cell morphogenesis [104, 105] . Early studies on fly da neurons provided clear evidence that the initiator caspase, Dronc (the Casapses-9 homolog), and the executer caspases, Drice and DCP-1 (homologs of Casapse-3), are essential for developmental da dendrite pruning [35, 36, 63] . In contrast, these caspases are not required for axon or dendrite pruning of fly MB neurons (Schuldiner, unpublished observation) and activated caspases were not observed during MB remodeling [70] . Therefore, caspases do not seem to play a role in all of the developmental pruning processes, even within the same organism.
Studies in vertebrates have lagged behind but recently a well-defined role for caspases has been established both in axonal elimination upon trophic deprivation and developmental pruning. Caspase-9 and Caspase-3 were both found to be required for axonal elimination of sensory and sympathetic neurons upon trophic withdrawal in vitro [106, 107] . This requirement was shown in both global deprivations, in which cell death accompanies axonal elimination, as well as in axonal restricted deprivation using compartmentalized chambers. In contrast, Caspase-6 mediates axonal elimination only in the axon-only deprivation paradigm [107] . In addition to these studies it was demonstrated that Caspase-3 and -6 are needed for efficient developmental pruning of RGCs axons in the SC [106] . The mechanisms that allow the neuron to spatially control these death proteases are largely unknown.
Recent work has suggested upstream divergence between death and pruning, as death induction requires the apoptosis protease activating factor 1 (Apaf-1) while axon elimination does not, although both require the pro-apoptotic protein BAX [63, 94, 107] . Additional mechanisms involve the axonal local translation of the anti-apoptotic protein Bclw and axonal restriction of caspase activity by X-linked inhibitor of apoptosis protein (XIAP), the homolog of the fly DIAP1 [107] [108] [109] .
Lastly, recent studies have provided strong evidence for the role of the calcium activated proteases calpains in neurite pruning [110, 111] . In the mouse, calapin activity is regulated through their intrinsic inhibitor calpastatin. Down regulation of calpastatin accelerated while overexpression of calpastatin inhibited axonal punning, both in vitro and in vivo [110] . In Drosophila, calcium transients through a voltage-gated calcium channel in da dendrites were postulated to activate calpains, which facilitate efficient pruning [111] . Interestingly while in the mouse the activation of calpains is downstream to caspase-3, in the fly caspases and calpains seem to be operating in parallel. Although the substrates of calpains in neurite pruning are not known, strong candidates are the axonal cytoskeletal elements and specifically neurofilaments in the mouse [112] .
Overall, the emerging picture is that the neuron employs multiple proteolytic systems to initiate and execute the efficient breakdown of axons and dendrites. Importantly, as inhibition of each system interferes with pruning, it seems that each has its unique role and probably specific substrates, which remain to be discovered.
Downstream elements: kinases (IKK, GSK3, DLK/ JNK)
Several protein kinases have also been implicated in axon pruning. The most compelling evidence exists for GSK3a and GSK3b, both required for axon degeneration in response to trophic deprivation in vitro, but only GSK3b plays a role during mouse RGCs axonal pruning in vivo [113] . GSK3s are negative regulators of many microtubule (MT) polymerization factors, controlling both their MT binding ability as well as their stability, which may be a key step in MT breakdown during pruning (see below). The importance of the DLK-JNK pathway for axonal breakdown has been demonstrated in vitro in response to trophic deprivation [114] . Interestingly, this pathway also controls neuronal cell death in response to trophic withdrawal, however, while JNK mediated cell death depends on the transcription factor c-jun, axon pruning seems to be c-jun independent [114] . Lastly, the fly IjB kinase (IKK) related kinase, Ik2, is required for dendrite pruning of da neurons [115] . This family of kinases may have a conserved function in pruning as pharmacological and in vitro knockdown experiments provided evidence that the mammalian IKK is required for axon degeneration upon trophic withdrawal [116] .
Downstream elements: breakdown of the axonal cytoskeleton
The neuronal cytoskeleton consists of three major cytoskeletal elements: neurofilaments (NFs), actin, and microtubules. NFs have classically been considered to consist of three subunits, termed NF-H, NF-M, and NF-L, corresponding to heavy, medium, and light in reference to their molecular mass. NFs provide the structural support necessary to sustain axons whose volume is often thousands of times larger than the volume of the soma [117] . In addition, they increase the axonal caliber of myelinated axons and consequently their conduction velocity [118] . Actin filaments are thin polymers of the 42 kD protein actin. In mature axons, the actin filaments provide membrane stability and a transport substrate. In developing neurons, dynamic regulation of actin filaments is responsible for initiating, stimulating, and guiding axons as neural circuits are formed [119] . Microtubule (MT) is a tube constructed from parallel linear polymers-protofilaments. Each protofilament consists of heterodimers, a and btubulin, that are assembled head to tail in a polar fashion [120] . In neurons, MTs are essential for structural support, localization of organelles and intracellular trafficking. MTs are highly dynamic polymers whose assembly and disassembly is controlled by b tubulin guanosine triphosphate (GTP) hydrolyzation [121] . However, a multitude of associated proteins are able to fine-tune these dynamics so that MTs are assembled and disassembled at the appropriate time and in a specific place and compartment within the neuron.
Based on these functions it comes as no surprise that it is well believed that the breakdown of the axon cytoskeleton is a key step in the pruning process. Indeed, the disruption of the MTs was found to be one of the first steps during axonal pruning that occur by fragmentation in flies and in cultured mammalian neurons [30, 32, 103] . Moreover, MT destabilization is sufficient to induce axon fragmentation of cultured neurons [122] . Furthermore, the MT stabilizing agent paclitaxel is sufficient to protect MT depolymerization as well as axon fragmentation following trophic deprivation in vitro [123] . Interestingly, disruption of actin or NFs does not affect the distribution of MTs and other axon cytoskeleton structures [124] . Overall, these experiments suggested that breakdown of MT is a key step in axonal pruning. The molecular machinery that executes this breakdown is largely unknown. The Drosophila Katanin-like molecule, Kat60L, was recently found to be essential for MT disruption during dendrite severing of the da neurons but not for MB axon pruning [115] . In mouse sensory axons, the MT depolymerization kinesin Kif2a was found to regulate MTs breakdown in response to trophic deprivation in vitro. Remarkably, Kif2a KO mice manifest skin hyperinnervation suggesting that Kif2a is required for axon elimination in vivo [123] . Importantly, MT depolymerization is also promoted by degradation of MT polymerization factors such as Tau and Collapsin response mediator proteins CRMPs [123, 125, 126] .
While MTs breakdown appears as a key step in pruning by fragmentation, it appears that actin dynamics drive retraction. By assessing the levels of the active (GTP bound) vs. inactive (GDP bound) forms of the actin regulator Rac1, Riccomagno et al. [127] have shown that Rac1 activity is attenuated during the pruning of the mouse IPB. Moreover, the authors suggest that this attenuation of Rac1 activity, which is essential for pruning of the IPB in vivo, is driven by the binding of the Sema3F receptor Neuropilin-2 to RacGAP b2-chimaerin [127] . Interestingly, b2-chimaerin is not required for axonal repulsion by Sema3F, suggesting that it is a specific pruning mediator [127] .
Interestingly, ephrin reverse signaling was also shown to be required for IPB pruning [89] . In this context, ephrin reverse signaling activates Rac1 by binding to and recruiting the adaptor protein Grb4 and subsequently the RacGEF DOCK180 [89] . Why opposing modulations of Rac1 by Sema3F and ephrin reverse signaling are both required for pruning of the IPB is confusing and remains to be addressed. One possibility is that high and low Rac1 activities are required in distinct axonal domains. Alternatively, Rac1 function might be differentially required on a temporal axis; For example, the active form of Rac1, which was shown to control trafficking of Plexin [128] , the semaphorin receptor, might be required at an early step to setup Plexin localization. Subsequently, and upon Sema3F stimulation, an attenuation of Rac1 activity might be required for modulating actin dynamics and axonal retraction. The importance of actin dynamics for pruning is also supported by the fact the MICAL, which depolymerizes actin through direct oxidation, is required for the pruning of fly da dendrites [129] , although changes in actin dynamics in this pruning process have not been demonstrated.
Overall, it is clear that disassembly of the neuronal cytoskeleton is a key step in pruning. However, our current view is still fragmented, as the mediators of the cytoskeleton components breakdown have been discovered in only a handful of axonal elimination paradigms. Whether the role of these regulators is conserved across paradigms and what is their relative contribution to the overall pruning process remains to be discovered.
Transcriptional control of neurite pruning
Although axonal pruning is often spatially tightly regulated such that only specific axons or dendrites are eliminated, there is strong evidence that it is also controlled by the cell body, which activates a transcriptional pruning program. In flies, mounting evidence highlights the steroid hormone Ecdysone Receptor-B1 (EcR-B1) as the master regulator of axon and dendrite pruning. One of the key EcR-B1 targets, implicated in both da dendrite pruning and MB axon pruning is the Sox14 transcription factor [129] . Sox14, in turn, binds to the MICAL promoter and activates its transcription. In contrast to Sox14, MICAL is important for da dendrite but not MB axon pruning [129] , suggesting that SOX14 may activate a different pruning program in different neurons. Another EcR-B1 target is headcase (hdc), a protein that is required for da dendrite severing, likely functioning in parallel to Sox14 [130] . Recent data has uncovered Cullin1 as a potential EcR-B1 target required for pruning, thereby linking between EcR-B1 and the UPS (see also the section above on the role of the UPS). While EcR-B1 seems to be required for remodeling of all neurons tested so far in Drosophila [31, 131] , its precise downstream target spectrum and their specific functions in the different systems remains to be further investigated. Because the activity of EcR-B1 is so important, several layers of regulation control its own expression. The cohesin complex seems to function in postmitotic neurons to regulate the levels of EcR-B1 expression, likely by controlling chromatin structure [132] . A nuclear receptor network comprised by Ftz-F1 and Hr39 are also required for controlling EcR-B1 expression providing the means for feedback regulation [133] . Finally, spatial and perhaps also temporal regulation is provided by the TGF-b signaling cascade (as discussed above). Despite all these tight regulations, the ectopic expression of EcR-B1 in a'/b' neurons, that do not normally undergo pruning, is not sufficient to induce their fragmentation (Schuldiner, unpublished observations) suggesting that additional safeguard mechanisms exist, in addition to those controlling EcR-B1 expression.
In contrast to flies, not much is known in mammals about the transcriptional control of remodeling. Moreover, remodeling in mammals occurs on a wider time frame, thus a hormonal regulation of remodeling, as a general phenomenon is less likely. Interestingly, however, recent work has demonstrated that sex hormone regulation of BDNF signaling directs the pruning of sensory axons in the male mammary gland [44] . Moreover, remodeling in humans occurs in two main phases, during the first 2 years of life as well as during puberty [10] therefore raising the exciting speculation that hormones might contribute to different aspects of remodeling.
Whether transcription factors control pruning in an instructive or permissive manner remains to be further studied. In the fly, it seems that EcR-B1 plays a permissive role although this has not been fully tested as a constantly active version of EcR is currently lacking. In contrast, it seems that the inhibition of BDNF signaling and pruning of sensory axons by the androgen receptor (AR) is instructive in mammals. An additional enigma is how a transcription factor would control a process that is tightly spatially regulated. More studies in the future should shed light on the involvement of processes such as localized translation, cargo trafficking, and localized signaling.
Concluding remarks
Studies in different model organisms combining both in vitro and in vivo models of neurite pruning have provided great knowledge on the commonality of this developmental process as well as the mechanisms that control it. Yet we are still at the beginning of the journey to reach a comprehensive mechanistic understanding of developmental pruning and its role in neuro-developmental disorders. So far only a handful of intracellular regulators and executers have been discovered, and their mechanism of action is poorly understood. For example, although the UPS has been implicated in several pruning models, studies have so far failed to generate an integrated picture of the target proteins that are degraded as well as their functional role. Thus, it is still unclear how the UPS integrates information and sends the execution instructions in the various model systems and whether any of these will be conserved. Moreover, the current data are still consistent with two main models-in one, the UPS is required to target a key molecule whose degradation initiates pruning; in the second, the UPS targets many proteins whose sum degradation results in pruning. More work in many systems is required to decipher which model is better supported.
Likewise, caspase activation seems to play a key role in multiple models of pruning but not in all. While the evidence of the role of caspases is direct and strong in developmental dendrite pruning of da neurons in Drosophila and axon fragmentation following trophic deprivation in vitro, the extent of their role in other remodeling events remains to be determined. For example, there is strong evidence that pruning of MB neurons is caspase-independent ( [30, 70] , Schuldiner unpublished observations). The substrates for these caspases during neurite pruning are not known-cytoskeletal components being one attractive but yet unsupported candidate. Moreover, if indeed the degradation of these basic axonal components by caspases is essential for pruning, it will be interesting to uncover the equivalent function in caspaseindependent remodeling events.
One additional interesting question is whether and how the caspases regulate pruning vs apoptosis. Recent studies suggest that the threshold of caspase activation determines whether it affects morphogenesis or activates cell death [134] . An alternative method to direct the neuron to pruning and not to apoptosis would be to physically restrict caspase activation, which is consistent with da dendrite pruning in which the process seemingly begins with severing. What is the mechanism to spare the cell body from caspase activation in the various models of pruning needs further exploration. Interestingly, a recent study that focused on optical induction of local caspase activation resulting in synapse elimination has highlighted caspase inhibitors and the proteasome as potential candidates to restrict caspase activity and prevent cell death [135] .
One area, which still lacks convergence, is the signaling pathways of the pruning receptors. While in some systems receptors of the Semaphorins or ephrin receptors are involved, in others it is receptors from the TNF family such as P75 and DR6 while in others it is receptors of the TGF-b family. Is each case of pruning initiated by a different signal or are we yet to discover some common signal? Because these events occur in different developmental contexts, we predict that different extracellular signals might be involved in initiating pruning in different cases. That said, the TGF-b signaling pathway driving the expression of the steroid hormone receptor EcR-B1 is required for pruning of da dendrites, MB axons, projection neuron axons and ectopic NMJ connections, spanning different developmental time points and different pruning 'types'. Interestingly, the TGF-b pathway was recently found to regulate neuronal C1q expression, which in turn is important for synaptic elimination by microglia at the developing mouse dLGN [136] . Whether this is the key 'pruning initiator' in Drosophila and whether the TGF-b pathway is important in other mammalian systems remains to be further explored.
We expect convergence to be more apparent in the downstream events, such as caspase activation or other proteolytic systems that will be identified. One interesting new direction that might provide a common mechanism is the role of calcium [110] [111] [112] , but the mechanism of action needs to be further delineated in the various systems.
Another aspect of pruning that remains unexplored, mostly in mammals, is the nature of the transcriptional pruning programs. Recent technological breakthroughs in genomic research allow, in principle, a single cell analysis of these programs. A detailed description of the transcriptional profiles of identifiable neurons in vivo during development will be a huge step towards identifying specific pathways convergence points with different systems.
Speculative thoughts on the logic of neurite pruning as a wiring strategy A question that is often raised when people are introduced to the idea that development of the nervous system involves regressive events in large scale such as pruning is-why? Why waste organismal resources to generate too many neurons? Why waste cellular resources to generate too many axons and dendrites? Obviously, we don't have the answers to these questions and the ''why'' question cannot really be adequately addressed in experimental biology. Nonetheless, we would like to raise the hypothesis that the reasons 'why' neuronal networks develop like this are different for each neuronal system. We want to provide a few speculative reasons that might explain why evolution sculpted neurodevelopment in this way by addressing specific examples.
1. Pruned neurites are important for pre-remodeled network: in some cases the neurons before and after remodeling might be integrated into different neuronal networks and might thus be functionally important for the behavior of the animal. One clear example is the remodeling of da neurons in Drosophila-while the soma and axon remain intact, dendrites remodel to reflect the metamorphing animal and thus new connection. MB neurons might be another case-larval MB c neurons do form synapses as demonstrated by EM [69] and thus might form functional networks. Interestingly, embryonic projection neurons (PNs) are likely the presynaptic partners of these larval MB neurons suggesting that c neurons are used twice-once to mediate information transfer from the larval antennal lobe (AL-the fly equivalent of the olfactory bulb) and later to mediate information transfer from the adult AL. 2. Pruned neurites play anatomical roles: In some cases, the pre-remodeled neurons might function as pioneering neurons that subsequently guide other neurons. MB c neurons are the first MB neuronal type to be born. Later, a 0 /b 0 neurons grow along the existing axonal bundle. Although this was not directly tested, the c neurons might thus serve as growing templates for the a 0 /b 0 neurons.
3. Exuberant connections are made to ensure competition and correct functional connectivity: There are several examples now that axon-axon competition might play a role in non-stereotypic axon pruning such as the development of the NMJ, the desegregation of eye specific inputs in the dLGN, and the formation of ocular dominance columns (not discussed here). In all of these cases, the formation of exuberant connections forms a platform in which experience dependent remodeling can sculpt the mature neuronal network. A variation of this idea would be the trophic withdrawal dependent pruning. In these systems, trophic signals are available in limiting amounts that allow the formation of specific number of connections. The initial formation of more axons merely ensures correct connectivity even if some mistakes are made in earlier steps of the wiring process. The in vitro trophic deprivation systems mimic this physiological setting and have contributed significantly to our ability to study mechanisms of axon fragmentation. However, while in the in vitro system axon fragmentation and cell death can be easily categorized as two distinct events, the situation in vivo is less clear. 4. Over-branching as a mechanisms to sense gradients:
When RGC extend their axons to their targets in the superior colliculus (SC) they form excessive branches that most likely assist them in measuring local gradients of Ephrins subsequently allowing them to match their connection with the appropriate target in what would form the target zone. 5. Simplified developmental programs: The creation of branches that are later eliminated might be a result of evolutionary constraints on development. Layer 5 cortical neurons from the visual and motor cortex initially form identical connections that span into the spinal cord. Perhaps, one developmental program for all L5 cortical neurons followed by remodeling is a simpler, or more evolutionarily stable, option than defining a distinct guidance process for these two neuronal populations.
The diversity in our speculative 'why' may be in the basis for the diversity in the 'how' neurites are pruned, as discussed throughout this review. Perhaps, because punning has evolved in different systems to account for different needs, not one single pruning program has evolved but rather multiple ways of achieving the same outcome.
Although it is likely that convergence in some of the downstream mechanisms will be discovered, it is clear that there are different roads leading to Rome. Traveling along these roads in the coming years and exploring new ones as we incorporate and study new model systems of neurite pruning will be an exciting journey.
